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[Document Name] Specification 
[Title of the Invention] 

Mixed Liquid Droplet Forming Method and Apparatus, Ink Jet Printing 
Method and Apparatus, and Ink Jet Printing Electrode- Attached Nozzle 
[Claims] 

[Claim 1]A mixed liquid droplet forming method comprisingra first step 
in which a voltage is applied first between a raw material liquid housed 
in one of a plurality of nozzles and a flat electrode disposed opposite the 
nozzle to discharge the raw material liquid from the front end of the 
nozzle and form a droplet made of the raw material liquid on a droplet 
forming object disposed between the front end of the nozzle and the flat 
electrode; and 

a second step in which a voltage is applied between a raw 
material liquid housed in the other nozzle of the plurality of nozzles and 
the flat electrode to discharge the raw material liquid from the front end 
of the nozzle, and the droplet is mixed with the raw material liquid to 
form a droplet of the mixed liquid. 

[Claim 2]The mixed liquid droplet forming method according to Claim 
1, 

wherein in the first step, an electrode is provided on the outer 
circumference of at least one nozzle of the plurality of nozzles and the 
electrode is supplied with a potential equal to or higher than the 
potential of a raw material liquid inside the nozzle. 
[Claim 3] A mixed liquid droplet forming apparatus, comprising: 

1 



2002-287267 



a plurality of nozzles that house a plurality of raw material 
liquids and discharge the plurality of raw material liquids independently 
from each other; 

a flat electrode disposed opposite the front ends of the plurality 
of nozzles; and 

a voltage applying unit that applies a voltage between raw 
material liquids housed in the plurality of nozzles and the flat electrode. 
[Claim 4] The mixed liquid droplet forming apparatus according to 
Claim 3, further comprising a control unit that controls the voltage 
applying apparatus so that a voltage is applied to an arbitrary raw 
material liquid among the plurality of raw material liquids. 
[Claim 5] The mixed liquid droplet forming apparatus according to 
Claim 4, 

wherein an electrode is provided on the outer circumference of 
at least one nozzle of the plurality of nozzles, and the control unit 
controls the voltage applying unit so that the electrode is supplied with a 
potential equal to or higher than the potential of the raw material liquid. 
[Claim 6] An ink jet printing method for printing a color image on a 
printing object by using a plurality of inks, comprising: 

a first step in which a plurality of ink nozzles which house the 
plurality of inks and a dilution nozzle which houses a dilute solution 
that can dilute the inks are used, and the ink or the dilute solution is 
discharged from the ink nozzle or the dilution nozzle by an electrostatic 
sucking force to form a droplet on the printing object; and 
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a second step in which the ink or the dilute solution is 
discharged from the ink nozzle or the dilution nozzle by an electrostatic 
sucking force, and the inks or the dilute solution are mixed in the 
droplet to form a droplet in an additive color. 
5 [Claim 7] The ink jet printing method according to Claim 6, 

wherein in the first step, a droplet made of the dilute solution is 
formed on a printing object by discharging the dilute solution from the 
dilution nozzle. 

[Claim 8] The ink jet printing method according to Claim 6, further 
10 comprising, after the second step, a step in which the chroma of the 

droplet is measured, and based on the measured chroma, the quantity of 

discharging the ink or the dilute solution is controlled so that the 

chroma of the droplet becomes a desired chroma. 

[Claim 9] The ink jet printing method according to Claim 7 or 8, 
15 wherein in the first step, an electrode is provided on the outer 

circumference of the dilution nozzle and the electrode is supplied with a 

potential equal to or higher than the potential of the dilute solution 

inside the dilution nozzle. 

[Claim 10] An ink jet printing apparatus for printing a color image on a 
20 printing object by using a plurality of inks, comprising: 

a plurality of ink nozzles which house the plurality of inks, 
respectively 

a dilution nozzle which houses a dilute solution that can dilute 
the inks; 
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a flat electrode disposed opposite the front ends of the ink 
nozzles and the dilution nozzle; and 

a voltage applying unit which applies a voltage between the inks 
and the dilute solution and the flat electrode, wherein 

the plurality of ink nozzles and the dilution nozzle are disposed 
apart from each other. 

[Claim 11] The ink jet printing apparatus according to Claim 10, further 
comprising a control unit which controls the voltage applying unit so 
that a voltage is applied to an arbitrary liquid among the inks and the 
dilute solution. 

[Claim 12] The ink jet printing apparatus according to Claim 11, 

wherein an electrode is provided on the outer circumference of 
the dilution nozzle, and the control unit controls the voltage applying 
unit so that the electrode is supplied with a potential equal to or higher 
than the potential of the dilute solution. 

[Claim 13] The ink jet printing apparatus according to Claim 11, further 
comprising: 

an illuminating light source which illuminates a droplet formed 
on the printing object; and 

a chroma measuring unit which measures the chroma of the 
droplet illuminated by the illuminating light source, wherein 

the control unit controls the voltage applying unit based on the 
chroma of the droplet measured by the chroma measuring unit so that 
the chroma of the droplet becomes a desired chroma and adjusts the 
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quantity of discharging the ink or the dilute solution. 

[Claim 14] An ink jet printing electrode-attached nozzle which is used 

in an ink jet printing apparatus including a flat electrode and disposed 

opposite the flat electrode, comprising a nozzle that houses ink or a 

dilute solution and an electrode that is provided on the outer 

circumference of the nozzle. 

[Detailed Description of the Invention] 

[0001] 

[Technical Field to which the Invention Pertains] 

The present invention relates to mixture droplet forming method and 
apparatus, ink jet printing method and apparatus, and an ink jet printing 
electrode-attached nozzle. 
[0002] 

[Prior Art] 

Generally, an ink jet printing apparatus forms color images by stamping 
three primary color inks (C (cyan), M (magenta), and Y (yellow)) 
corresponding to three primary colors or four primary color inks 
(including K (black) in addition to the C, M, and Y) onto a printing 
object, and expresses additive colors by changes in dot density. 
[0003] However, in expression of additive colors by changes in dot 
density, a subtle color cannot be satisfactorily expressed or a resultant 
provides a sense of roughness. 

[0004] As an inkjet printing apparatus solving this problem, for example, 
one is disclosed in Japanese Published Unexamined Patent Application 
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No. H08-207318 as described below. FIG 7 is a schematic sectional 
view showing the ink jet printing apparatus described in the same 
publication. This ink jet printing apparatus 100 applies a voltage 
between a ring-shaped electrode 101 and an electrode plate 102 by a 
power supply 108, discharges a concentrated ink 104 from a liquid feed 
pipe 103, and forms a droplet made of the ink on a printing object 105 
on the electrode plate 102. When adjusting the ink density, the 
concentrated ink 104 is sucked out of the liquid feed pipe 103, and 
simultaneously, a transparent solvent 107 is sucked out of the liquid 
feed pipe 106 and the concentrated ink is diluted by the transparent 
solvent, and the diluted droplet is discharged to form a droplet the ink 
density of which has been adjusted on the printing object 105. 
[0005] [Patent Document 1] Japanese Published Unexamined Patent 
Application No. H08-207318 
[0006] 

[Problem to be Solved by the Invention] 
However, the ink jet printing apparatus 100 described in the 
above-mentioned conventional published application has the following 
problem. 

[0007] That is, in the ink jet printing apparatus 100, a liquid that is cut 
off and left on the liquid feed pipe 103 side after being discharged is a 
mixed liquid of the concentrated ink and the transparent solvent, and the 
mixed liquid remains inside the liquid feed pipe 103. Therefore, when 
this remaining liquid and other color ink are mixed thereafter, an 
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unintended color is printed on the printing object. Therefore, in the 
method for adjusting the ink density as described above, it is difficult to 
realize an accurate subtle color. 

[0008] Therefore, an object of the invention is to provide a mixed liquid 
droplet forming method and apparatus, an ink jet printing method and 
apparatus, and an ink jet printing electrode-attached nozzle, by which 
liquids to be discharged independently from each nozzle can be 
accurately mixed on a droplet forming object. 
[0009] 

[Means for Solving the Problem] 
In order to solve the above-mentioned problem, the invention provides 
a mixed liquid droplet forming method comprising a first step in which 
a voltage is applied first between a raw material liquid housed in one of 
a plurality of nozzles and a flat electrode disposed opposite the nozzle 
to discharge the raw material liquid from the front end of the nozzle and 
form a droplet made of the raw material liquid on a droplet forming 
object disposed between the front end of the nozzle and the flat 
electrode, and a second step in which a voltage is applied between a raw 
material liquid housed in the other nozzle of the plurality of nozzles and 
the flat electrode to discharge the raw material liquid from the front end 
of the nozzle, and the droplet is mixed with the raw material liquid to 
form a droplet of the mixed liquid. 

[0010] According to this invention, a voltage is applied first between a 
raw material liquid housed in one of the plurality of nozzles and the flat 
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electrode and the raw material liquid is discharged from the front end of 
the nozzle to form a droplet made of the raw material liquid on a droplet 
forming object. At this point, due to the existence of the droplet, the 
equipotential line becomes convex toward the nozzle side. Therefore, 
when a voltage is applied between a raw material liquid housed in the 
other nozzle and the flat electrode, the electrical field becomes greater 
along the line connecting the raw material liquid and the droplet. 
Therefore, when the raw material liquid housed in the other nozzle is 
discharged, the raw material liquid is guided to this droplet, and the raw 
material liquids are accurately mixed within the droplet. 
[0011] Preferably, in the first step, an electrode is provided on the outer 
circumference of at least one nozzle of the plurality of nozzles and the 
electrode is supplied with a potential equal to or higher than the 
potential of a raw material liquid inside the nozzle. 

[0012] In this case, the electrical line of force concentrates immediately 
under the nozzle provided with the electrode, so that it becomes 
possible to accurately dispose the raw material liquid at a desired 
position on the droplet forming object. Therefore, when the raw 
material liquid is discharged toward the droplet forming object, the raw 
material liquid can be accurately mixed with the droplet on the droplet 
forming object. Furthermore, raw material liquids are not mixed before 
they are discharged but are mixed after they are discharged. Accordingly, 
the qualities of the raw material liquids do not change inside the nozzles. 
Therefore, even when a droplet is repeatedly formed on the droplet 
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forming object, a droplet with an intended quality can be formed as one 
dot. 

[0013] In addition, the invention provides a mixed liquid droplet 
forming apparatus, comprising a plurality of nozzles that house a 
plurality of raw material liquids and discharge the plurality of raw 
material liquids independently from each other, a flat electrode disposed 
opposite the front ends of the plurality of nozzles, and a voltage 
applying unit that applies a voltage between raw material liquids housed 
in the plurality of nozzles and the flat electrode. 

[0014] According to this droplet forming apparatus, when a voltage is 
applied between a raw material liquid housed in one of the plurality of 
nozzles and the flat electrode by the voltage applying unit, the raw 
material liquid is discharged from the nozzle to form a droplet on the 
droplet forming object. At this point, due to the existence of the droplet, 
the equipotential line becomes convex toward the nozzle side. Therefore, 
when a voltage is applied between a raw material liquid housed in the 
other nozzle and the flat electrode, the electrical field becomes greater 
along the line connecting this raw material liquid and the droplet. 
Therefore, when the raw material liquid housed in the other nozzle is 
discharged, this raw material liquid is guided to this droplet and the raw 
material liquids are accurately mixed within this droplet. 
[0015] The mixed liquid droplet forming apparatus may further 
comprise a control unit that controls the voltage applying apparatus so 
that a voltage is applied to an arbitrary raw material liquid among the 
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plurality of raw material liquids. 

[0016] Preferably, in the mixed liquid droplet forming apparatus, an 
electrode is provided on the outer circumference of at least one nozzle 
of the plurality of nozzles, and the control unit controls the voltage 
5 applying unit so that the electrode is supplied with a potential equal to 

or higher than the potential of the raw material liquid. 
[0017] In this case, when the voltage applying unit is controlled by the 
control unit so as to supply a potential higher than the potential of the 
raw material liquid to the electrode, the electrical line of force further 

10 concentrates immediately under the nozzle. Therefore, it becomes 

possible to dispose the raw material liquid at a desired position on the 
droplet forming object. Therefore, after that, when the raw material 
liquid is discharged toward the droplet forming object, it can be 
accurately mixed with the droplet made of a raw material liquid. 

15 Furthermore, the raw material liquids are not mixed before they are 

discharged from the nozzles but are mixed on the droplet forming object 
after they are discharged, so that the qualities of the raw material liquids 
are not changed inside the nozzles. Therefore, a droplet with an 
intended quality can be formed as one dot. 

20 [0018] According to an ink jet printing method relating to the invention, 

the ink jet printing method for printing a color image on a printing 
object by using a plurality of inks, comprises a first step in which a 
plurality of ink nozzles which house the plurality of inks and a dilution 
nozzle which houses a dilute solution that can dilute the inks are used, 
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and the ink or the dilute solution is discharged from the ink nozzles or 
the dilution nozzle by an electrostatic sucking force to form a droplet on 
the printing object, and a second step in which the ink or the dilute 
solution is discharged from the ink nozzle or the dilution nozzle by an 
electrostatic sucking force, and the inks or the dilute solution are mixed 
in the droplet to form a droplet in an additive color. 
[0019] According to this invention, first, a voltage is applied between 
the ink or the dilute solution housed in one of the ink nozzles and the 
dilution nozzle and the flat electrode, and the ink or dilute solution is 
discharged from the front end of the ink nozzle or dilution nozzle to 
form a droplet made of the primary color ink or dilute solution on a 
printing object. At this point, due to the existence of the droplet, the 
equipotential line becomes convex toward the nozzle side. Therefore, 
next, when a voltage is applied between the ink or dilute solution 
housed in the other nozzle and the flat electrode, the electrical field 
becomes great along the line connecting this ink or dilute solution and 
the droplet. Therefore, when the ink or dilute solution housed in the 
other nozzle is discharged, this liquid is guided to this droplet, and the 
inks or the ink and the dilute solution are accurately mixed within this 
droplet, whereby a droplet in an additive color is formed. 
[0020] Preferably, in the first step, a droplet made of the dilute solution 
is formed on a printing object by discharging the dilute solution from 
the dilution nozzle. 

[0021] In this case, when the ink is mixed with the droplet after the 
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second step, color change of the droplet due to proceeding with the 
color mixture can be easily judged. 

[0022] Preferably, after the second step, the method further comprises a 
step in which the chroma of the droplet is measured, and based on the 
measured chroma, the quantity of discharging the inks or the dilute 
solution is controlled so that the chroma of the droplet becomes a 
desired chroma. 

[0023] In this case, a target additive color can be accurately expressed. 
[0024] Preferably, in the ink jet printing method, an electrode is 
provided on the outer circumference of the dilution nozzle and the 
electrode is supplied with a potential equal to or higher than the 
potential of the dilute solution inside the dilution nozzle. 
[0025] In this case, since the electrical line of force concentrates 
immediately under the dilution nozzle, the dilute solution can be 
accurately disposed at a desired position on a printing object. Therefore, 
after that, when the ink is discharged to the printing object, it can be 
accurately mixed with the droplet made of the dilute solution. 
Furthermore, the dilute solution and the ink are not mixed before they 
are discharged but are mixed on the printing object after they are 
discharged. Therefore, inks do not change in quality in the respective 
ink nozzles. Therefore, even when a droplet is repeatedly formed, a 
droplet in an intended additive color can be formed as one dot, and 
printing with high accuracy without distortion is realized. 
[0026] According to the ink jet printing apparatus of the invention, the 
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ink jet printing apparatus for printing a color image on a printing object 
by using a plurality of inks, comprises a dilution nozzle which houses a 
dilute solution that can dilute the inks, a flat electrode disposed opposite 
the front ends of the ink nozzles and the dilution nozzle, and a voltage 
applying unit which applies a voltage between the inks and the dilute 
solution and the flat electrode, wherein the plurality of ink nozzles and 
the dilution nozzle are disposed apart from each other. 
[0027] According to this ink jet printing apparatus, when a voltage is 
applied between the ink or dilute solution and the flat electrode by the 
voltage applying unit, the ink or dilute solution is discharged from the 
ink nozzle or dilution nozzle to form a droplet on a printing object. At 
this point, due to the existence of the droplet, the equipotential line 
becomes convex toward the nozzle side. Therefore, when a voltage is 
applied between the ink or dilute solution housed in the other nozzle 
and the flat electrode, the electrical field becomes greater along the line 
connecting the ink or dilute solution and the droplet. Therefore, when 
the ink or dilute solution housed in the other nozzle is discharged, this 
liquid is guided to this droplet, and the inks or the ink and the dilute 
solution are accurately mixed within this droplet, whereby a droplet in 
an additive color is formed. 

[0028] The ink jet printing apparatus may further comprise a control 
unit which controls the voltage applying unit so that a voltage is applied 
to an arbitrary liquid among the inks and the dilute solution. 
[0029] Preferably, in the ink jet printing apparatus, an electrode is 
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provided on the outer circumference of the dilution nozzle, and the 
control unit controls the voltage applying unit so that the electrode is 
supplied with a potential equal to or higher than the potential of the 
dilute solution. 

[0030] In this case, when the voltage applying unit is controlled by the 
control unit so as to supply a potential equal to or higher than the 
potential of the dilute solution to the electrode, the electrical line of 
force further concentrates immediately under the dilution nozzle. 
Therefore, it becomes possible to dispose the dilute solution at a desired 
position on the printing object. Therefore, after that, when the ink is 
discharged toward the printing object, it can be accurately mixed with 
the droplet made of the dilute solution. Furthermore, the dilute solution 
and the ink are not mixed before they are discharged from the nozzles 
but are mixed on the printing object after they are discharged, so that 
the ink densities do not change in the ink nozzles. Therefore, a droplet 
in an intended additive color can be formed as one dot, whereby 
printing with high accuracy without distortion is realized. 
[0031] Preferably, the ink jet printing apparatus further comprises an 
illuminating light source which illuminates a droplet formed on the 
printing object, and a chroma measuring unit which measures the 
chroma of the droplet illuminated by the illuminating light source, 
wherein the control unit controls the voltage applying unit based on the 
chroma of the droplet measured by the chroma measuring unit so that 
the chroma of the droplet becomes a desired chroma and adjusts the 
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quantity of discharging the ink or the dilute solution. 
[0032] In this case, a target additive color can be accurately expressed. 
[0033] Furthermore, according to the invention, an ink jet printing 
electrode-attached nozzle which is used in an ink jet printing apparatus 
including a flat electrode and disposed opposite the flat electrode, 
comprises a nozzle housing an ink or dilute solution and an electrode 
provided on the outer circumference of the nozzle. 

[0034] According to this ink jet printing electrode-attached nozzle, 
when it is used in an ink jet printing apparatus including a flat electrode, 
a printing object is disposed between the nozzle and the flat electrode, a 
voltage is applied between an ink or dilute solution housed in the nozzle 
and the flat electrode, and furthermore, the electrode is supplied with a 
potential equal to or higher than that of the ink or the dilute solution, 
whereby the electrical line of force further concentrates immediately 
under the electrode-attached nozzle, and therefore, the ink or dilute 
solution can be accurately disposed at a desired position on the printing 
object. Therefore, after that, when the ink or dilute solution is 
discharged to the printing object, it can be accurately mixed with the 
droplet on the printing object. 
[0035] 

[Embodiments of the Invention] 
Hereinafter, embodiments of the invention are described in detail. 
[0036] FIG 1 is a schematic view showing a main part of an 
embodiment of the ink jet printing apparatus of the invention, and FIG 
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2 is a bottom view of a nozzle head. As shown in FIG 1, the ink jet 
printing apparatus 1 of this embodiment has a nozzle head 2, and a flat 
electrode 3 is disposed opposite the nozzle head 2. On the flat electrode 
3, a recording sheet (droplet forming object) 4 as a printing object is 
placed. The nozzle head 2 can be made to reciprocate in the arrow A 
direction of FIG 1 by a nozzle head transport system 5, and the 
recording sheet 4 can be moved in the arrow B direction orthogonal to 
the arrow A direction by a chart drive mechanism 6. 
[0037] As shown in FIG 2, the nozzle head 2 has a nozzle holder 7, and 
in the nozzle holder 7, a dilution nozzle 8 housing dilution liquid(raw 
material liquid) and four ink nozzles 9a to 9d housing four primary 
color inks (raw material liquids) corresponding to four primary colors 
are inserted and fixed. A dilution nozzle 8 and the ink nozzles 9a 
through 9d are made of glass in terms of dimensional stability. The four 
primary color inks are C (cyan), M (magenta), Y (yellow), and K 
(black), and the ink nozzles 9a through 9d house the C ink, M ink, Y ink, 
and K ink, respectively. The dilution nozzle 8 is connected to a dilute 
solution supply tank (not shown), and the ink nozzles 9a through 9d are 
connected to ink supply tanks (not shown). 

[0038] The ink nozzles 9a through 9d and the dilution nozzle 8 are 
disposed apart from each other. In detail, the dilution nozzle 8 is fixed 
to the center of the nozzle holder 7, and the ink nozzles 9a through 9d 
are disposed at equal intervals in a circle around the dilution nozzle 8. 
Disposition of the dilution nozzle 8 at the center is for discharging the 
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dilute solution first among the primary color inks and the dilution 
solution when forming one dot of droplet on the recording sheet 4. 
Therefore, when other primary color ink is discharged first when 
forming one dot of droplet on the recording sheet 4, this primary color 
ink is disposed at the center. 

[0039] Furthermore, as shown in FIG 1, the inks and the dilute solution 
housed in the ink nozzles 9a through 9d and the dilution nozzle 8 are 
electrically connected to the flat electrode 3 via a voltage applying unit 
10 that can supply pulse voltages. Therefore, by the voltage applying 
unit 10, between the inks or the dilute solution and the flat electrode 3, 
voltages are applicable. 

[0040] In the nozzle holder 7, an illuminating fiber 11 and a light 
receiving fiber 12 are inserted and fixed at positions axisymmetrical to 
each other about the dilution nozzle 8 (see FIG 2). The illuminating 
fiber 1 1 is connected to a white light source (illuminating light source) 
13, and the light receiving fiber 12 is connected to a chroma measuring 
unit 14 (see FIG 1). Therefore, it becomes possible to illuminate a 
droplet by white light from the white light source 12 through the 
illuminating fiber 11, and light received from the droplet through the 
light receiving fiber 12 is received by the chroma measuring unit 14, 
and the chroma of the droplet is measured based on this light. 
[0041] Furthermore, the ink jet printing apparatus 1 has a control unit 
15, and by the control unit 15, the nozzle head transport system 5, the 
chart drive mechanism 6, the voltage applying unit 10, the white light 
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source 13, and the chroma measuring unit 14 can be controlled. 
[0042] Next, an ink jet printing method using the above-described ink 
jet printing apparatus 1 is described with reference to FIG 3 and FIG 4. 
[0043] FIG 3 is a partial sectional view of the dilution nozzle, showing 
a condition where a dilute solution is discharged from the dilution 
nozzle and a droplet is formed on the recording sheet 4. 
FIG 4(a) are timing charts of pulse voltages in 

the nozzles, and FIG 4 (b) to (f) are views showing a series of 
processes for forming a droplet in an additive color. 
[0043] First, a pulse voltage is applied between the dilute solution and 
the flat electrode 3 by the voltage applying unit 10. At this point, as 
shown in the middle position of FIG 4(a), a pulse voltage is formed by 
applying a voltage AE 2 between the timings tj and t 2 . Then, as shown in 
FIG 3 and FIG 4(b), the dilute solution 8a is sucked out of the dilution 
nozzle 8 by electrostatic sucking force to form a Taylor Cone 16, and 
then a predetermined quantity of the dilute solution is discharged and a 
droplet L made of the dilute solution is formed on the recording sheet 4. 
[0044] Next, a voltage is applied between the Y ink stored in the ink 
nozzle 9c and the flat electrode 3 by the voltage applying unit. At this 
point, as shown in the upper position of FIG 4(a), between the timings 
t 2 and t 3 , a pulse voltage is formed by applying the voltage AE 3 . At this 
point, due to the existence of the droplet formed on the recording sheet 
4, the equipotential line is convex toward the nozzle 9c side, and the 
electrical field becomes greater along the line connecting the front end 
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of the ink nozzle 9c and the droplet. 

Therefore, as shown in FIG 4(c), the Y ink is sucked out of the ink 
nozzle 9c by an electrostatic sucking force and forms a Taylor Cone, 
and then a predetermined quantity of the Y ink is discharged toward the 
droplet L. The Y ink causes turbulence when it enters in the droplet, 
whereby the Y ink and the dilute solution are mixed accurately. 
[0045] At this point, as shown in FIG 4(d), the droplet L is illuminated 
by white light emitted from the white light source 13 through the 
illuminating fiber 11, and light emitted from the droplet L is received by 
the chroma measuring unit 14 through the light receiving fiber 12. Then, 
based on the chroma measured by the chroma measuring unit 14, an 
addition quantity of the Y ink or the dilute solution is adjusted so that 
the chroma of the droplet L becomes a desired chroma. In detail, this 
addition quantity is adjusted by the pulse period of the pulse voltage 
outputted from the voltage applying unit 10. 

[0046] Next, a voltage is applied between the C ink housed in the ink 
nozzle 9a and the flat electrode 3 by the voltage applying unit 10. At 
this point, as shown in the lower position of FIG 4(a), between the 
timings t 3 and U, a pulse voltage is formed by applying the voltage AEi. 
At this point, due to the existence of the droplet L formed on the 
recording sheet 4, the equipotential line is convex toward the ink nozzle 
9a side, and therefore, the electrical field becomes greater along the line 
connecting the front end of the ink nozzle 9a and the droplet L. 
Therefore, as shown in FIG 4(e), the C ink is sucked out of the ink 
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nozzle 9a by an electrostatic sucking force and forms a Taylor Cone, 
and then a predetermined quantity of the C ink is discharged toward the 
droplet L. The C ink causes turbulence when it enters the inside of the 
droplet L, whereby the C ink and the dilute solution are accurately 
mixed. 

[0047] At this point, as shown in FIG 4(f), the droplet L is illuminated 
by white light emitted from the white light source 13 through the 
illuminating fiber 1 1 , and light emitted from the droplet L is received by 
the chroma measuring unit 14 through the light receiving fiber 12. Then, 
in the same manner as described above, based on the chroma measured 
by the chroma measuring unit 14, the addition quantity of the C ink or 
the dilute solution is adjusted so that the chroma of the droplet L 
becomes a desired chroma. 

[0048] Thereafter, the M ink and the K ink are injected into the droplet 
L as appropriate to form a droplet L in an additive color. The method for 
injecting the M ink and the K ink is the same as that for the Y ink. 
When forming a droplet L in an additive color, it is preferable that the 
color is gradually made darker from a light color, and a color with a 
target chroma is finally reached. Thereby, judgement on changes in 
color by chroma measurement can be made easily. 

[0049] A droplet L in an additive color is thus formed on the recording 
sheet 4. This droplet L in the additive color is formed by mixture of 
primary color inks, however, mixture of primary color inks is not 
carried out before the inks are discharged from the nozzles, but is 
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carried out after they are discharged. Therefore, the densities of the 
primary color inks housed in the ink nozzles 9a through 9d are always 
maintained constant. Therefore, even when the ink jet printing apparatus 
1 is repeatedly used, a droplet L formed on the recording sheet 4 can be 
5 accurately provided with an intended additive color. 

After forming a droplet, the recording sheet 4 is moved in the arrow B 
direction of FIG 1 by the chart transport system 6 or the nozzle head 2 
is moved in the arrow A direction of FIG 1 by the nozzle head transport 
system 5, a droplet is formed in the same manner as described above, 

10 and this operation is repeated, whereby a color image using real colors 

instead of false colors can be formed. The operations of the 
above-described nozzle head transport system 5, the chart transport 
system 6, the voltage applying unit 10, the white light source 13, and 
the chroma measuring unit 14 may be all controlled by the control unit 

15 15. 

[0050] Herein, for providing a droplet L with an intended additive color 
more accurately, it is preferable that the degree of color mixture of the 
droplet L is judged every time each ink is injected into the droplet L. 
[0051] In detail, the following operation is carried out forjudging the 
20 degree of color mixture of the droplet L. 

Namely, the droplet L is illuminated by white light first, and the chroma 
of the droplet L is measured by using the chroma measuring unit 14. 
Next, the measured chroma is converted and a brightness index L* 
according to the CEELAB color system and chroma coordinates a* and 
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b* are calculated. 

[0052] However, in this case, previous to color mixture, it is necessary 
that the mixture ratio of the primary color inks for realizing the target 
additive color and the values of L*, a* and b* of the primary color inks 
according to the ratio are prepared based on the data of the absorption 
spectra of the primary color inks. 

[0053] Herein, an example of the process realizing the target additive 
color by judging the degree of color mixture of the droplet based on the 
measured chroma is described. 

[0054] FIG 5 is a flowchart for realizing the target additive color. As 
shown in FIG 5, first, a droplet L made of a dilute solution is formed on 
the recording sheet 4 (Step 1). 

[0055] Next, by setting the values of L*, a*, b* with respect to the 
target additive color as judgement criteria, it is judged whether the 
degree of mixture of the Y ink is high or low. If the degree is low, a unit 
quantity of the Y ink is added, and if the degree is high, a unit quantity 
of the dilute solution is added (Step 2). Herein, the unit quantity means 
the quantity of ink or dilute solution to be discharged when a voltage of 
one pulse is applied between the ink or dilute solution and the flat 
electrode 3. 

[0056] Next, the values of L*, a*, and b* of the C-Y mixed ink with 
respect to the target additive color are set as judgement criteria, and it is 
judged whether the degree of mixture of the C ink is high or low. If it is 
low, a unit quantity of the C ink is added, and if it is high, a unit 
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quantity of the dilute solution is added (Step 3). 

[0057] Next, the values of L*, a* and b* of C-M-Y mixed ink with 
respect to the target additive color are set as judgement criteria, and it is 
judged whether the degree of mixture of the M ink is high or low. If it is 
low, a unit quantity of the M ink is added, and if it is high, a unit 
quantity of the dilute solution is added (Step 4). 

[0058] Last, accurate values of L*, a*, and b* with respect to the target 
additive color are set as judgement criteria, and it is judged whether the 
degree of mixture of the K ink is high or low. If it is low, a unit quantity 
of the K ink is added, and if it is high, a unit quantity of the dilute 
solution is added (Step 5). 

[0059] Thus, the chroma of the droplet is measured every time an ink is 
injected into the droplet, and color mixture is carried out while the 
degrees of mixture of colors are judged, whereby the droplet L can be 
accurately provided with the target additive color. 

[0060] Next, a second embodiment of the ink jet printing apparatus of 
the invention is described with reference to FIG 6. In FIG 6, 
components identical or equivalent to those of the first embodiment are 
attached with the same symbols and description thereof is omitted. 
[0061] As shown in FIG 6, the ink jet printing apparatus of this 
embodiment is different from the ink jet printing apparatus 1 of the first 
embodiment in that the dilution nozzle (electrode-attached nozzle) that 
has an electrode 20 on its outer circumference is provided. 
[0062] Herein, the material forming the electrode 20 is not especially 
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limited as long as it has conductivity, however, such a material is 
preferably gold or platinum in terms of corrosion proof. The electrode 
20 is formed by, for example, depositing the material on the front end of 
the dilution nozzle 8. 

[0063] In the ink jet printing apparatus of this embodiment, to form the 
droplet L, the same voltage as the pulse voltage applied between, for 
example, the dilute solution 8a and the flat electrode 3 is applied 
between the electrode and the flat electrode 3. 

[0064] Then, the electrostatic inductive charge 21 appearing at the front 
end of the electrode 20 biases the charge distribution of the electrostatic 
inductive charge 161 on the surface of the dilute solution so that the 
distribution becomes highest at the center of the nozzle, so that a great 
electrostatic force acts on the portion with the high charge density, that 
is, between the center of the dilute solution surface and the flat 
electrode 3. As a result, the Taylor Cone 16 stays within the inner 
diameter portion of the nozzle end face, and the form thereof is 
deformed to be more acute. This is a result of concentration of the 
electrical line of force on the nozzle center portion. Therefore, the 
position where the droplet L is formed can be extremely stabilized. In 
other words, the droplet L can be accurately formed at a desired position 
on the recording sheet 4. 

[0065] After the droplet L is formed on the recording sheet 4, since 
primary color inks can be accurately injected to the droplet L in the ink 
jet printing apparatus of this embodiment, a droplet L in an additive 
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color can be accurately formed at a desired position. At this point, in the 
droplet L, a plurality of droplets do not express one additive color, but 
the droplet itself, that is, one dot expresses an additive color. Therefore, 
by the ink jet printing apparatus of this embodiment, a color image with 
high accuracy without distortion can be printed. 

[0066] Furthermore, according to the ink jet printing apparatus of this 
embodiment, although the Taylor Cone 16 is formed, it stays within the 
inner diameter portion of the nozzle, the front end portion thereof 
becomes acute, and liquid can be quickly cut off when it is discharged. 
Therefore, the distance between the dilute solution 8a and the flat 
electrode 3 can be shortened, and driving is carried out even by a 
comparatively small voltage. This effect eliminates the possibility of 
discharge between the dilute solution 8a and the flat electrode 3, and 
improves the reliability of the ink jet printing apparatus. Furthermore, 
by shortening the distance between the nozzle front end and the flat 
electrode 3, downsizing of the ink jet printing apparatus also becomes 
possible. 

[0067] Furthermore, by the ink jet printing apparatus of this 
embodiment, in addition to the above-described effect, on-demand 
printing is also possible. Therefore, the ink jet printing apparatus of this 
embodiment is extremely effective as a micro printing apparatus of 
anticounterfeit printing technology. 

[0068] In the above-described embodiment, the same voltage as the 
pulse voltage applied between the dilute solution and the flat electrode 3 
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is applied between the electrode 20 and the flat electrode when forming 
the droplet, however, it is preferable that a voltage greater than the pulse 
voltage applied between the dilute solution and the flat electrode 3 is 
applied between the electrode 20 and the flat electrode 3. In this case, 
the electrostatic inductive charge 21 appearing at the front end of the 
electrode 20 biases the charge distribution of the electrostatic inductive 
charge 161 on the dilute solution surface so that the distribution 
becomes highest at the nozzle center portion, so that a great electrostatic 
force acts on the portion with the high charge density, that is, between 
the center portion of the dilute solution surface and the flat electrode 3. 
Therefore, the position where the droplet is formed can be further 
stabilized, and a color image with high accuracy without distortion can 
be printed. 

[0069] In the above-described embodiment, the electrode 20 is provided 
for only the dilution nozzle 8, however, it is preferable that the electrode 
20 is also provided for the ink nozzles 9a through 9d. 
In this case, when the primary color inks are discharged, smaller unit 
quantities of the primary color inks made of liquids that can be quickly 
cut off can be injected into the droplet L. 

[0070] The invention is not limited to the above-described first and 
second embodiments. For example, the first and second embodiments 
relate to ink jet printing apparatuses and use primary color inks or dilute 
solution as raw material liquids, however, as raw material liquids, the 
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mixed liquid droplet forming apparatus of this embodiment can also use 
a conductive liquid (for example, a silver paste or mercury) instead of 
the primary color inks and dilute solution. In this case, liquids 
independently discharged from the respective nozzles can be accurately 
mixed on a droplet forming object. Furthermore, this conductive liquid 
droplet forming apparatus functions as an apparatus for forming fine 
two-dimensional electrical circuits (electrical wires, resistors, capacitors, 
reactance, and so on). As the raw material liquid, an insulating liquid 
such as silicon oil or machine oil, etc., may be used instead of the 
conductive liquid. 
[0071] 

[Effect of the Invention] 

As described above, according to the mixed liquid droplet forming 
method and forming apparatus of the invention, liquids independently 
discharged from the nozzles can be accurately mixed on a droplet 
forming object. 

[0072] Furthermore, according to the ink jet printing method and 
apparatus of the invention, primary color inks or dilute solution 
independently discharged from the nozzles can be accurately mixed on 
a printing object and a droplet in an intended additive color can be 
accurately formed. 

[0073] Furthermore, according to the ink jet printing electrode-attached 
nozzle of the invention, when it is an ink jet printing apparatus 
including a flat electrode, a printing object is disposed between the 
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nozzle and the flat electrode, and a voltage is applied between an ink or 
dilute solution housed in the nozzle and the electrode and a potential 
higher than that of the ink or the dilute solution is supplied to the 
electrode, whereby the electrical line of force further concentrates 
immediately under the electrode-attached nozzle, so that it becomes 
possible to accurately dispose the ink or dilute solution at a desired 
position on the printing object. Therefore, when the ink or dilute 
solution is discharged to the printing object thereafter, it can be 
accurately mixed with the droplet on the printing object. 

[Brief Description of the Drawings] 
[Fig. 1] 

A schematic sectional view showing a main part of an embodiment of 
the ink jet printing apparatus of the invention; 
[FIG 2] 

A bottom view of a nozzle head; 
[FIG 3] 

A partial sectional view of a dilution nozzle; 
[FIG 4] 

(a) is a timing chart of pulse voltage in nozzle, (b) to (f) are diagrams 
each showing a series of processes for forming a droplet in an additive 
color. 
[FIG 5] 

A flowchart showing processes for accurately realizing an intended 
additive color; 
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[FIG 6] 

A schematic sectional view showing a main part of another embodiment 
of the ink jet printing apparatus of the invention; 
[FIG 7] 

A schematic sectional view showing an example of a conventional ink 

jet printing apparatus. 

[Explanation of Reference Numerals] 

l...ink jet printing apparatus x 3... flat electrode ^ 4... recording sheet 
(printed material, dropletO forming object))^ L... droplet N 8... dilution 
nozzle N 9a~9d...ink nozzle N 10... voltage applying unit N 
13... (illuminating light source N 14... chroma measuring unit N 
15... control unit N 20 . . . electrode, 21... electrostatic inductive charge 
appearing at the front end of the electrode 20, 161 ...electrostatic 
inductive charge on the surface of the dilute solution. 
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[Document Name] ABSTRACT 
[Problem] 

A mixed liquid droplet forming method and apparatus, an ink jet 
printing method and apparatus, and an ink jet printing 
electrode-attached nozzle are provided, by which liquids to be 
discharged independently from each nozzle can be accurately mixed on 
a droplet forming object. 
[Means of Solution] 

The invention provides an ink jet printing method for printing a color 
image on a printing object by using a plurality of inks, wherein ink 
nozzles 9a through 9d which house the plurality of inks, respectively, 
and a dilution nozzle 8 which houses a dilute solution that can dilute the 
inks are used, the ink is discharged from the ink nozzle 9a by an 
electrostatic sucking force to form a droplet L on a printing object 4, 
and then the ink is discharged from the ink nozzle 9b by an electrostatic 
sucking force and the inks are mixed within the droplet L to form a 
droplet in an arbitrary additive color. In this case, primary color inks can 
be accurately mixed within the droplet L. 
[Selected Drawing] Fig. 1 
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